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, NATIONALADVISORYCOMMITTEEFORAERONAUTICS

RESEARCHMEMORANDUM

LARGE-SCALEFLIGHTMEASUREMENTSOF ZERO-LIFTDRAGAT

MACHNUMBERSFROM0.90TO 1.95OFAN ARROWWING

INCOMBINATIONWITHA SMALLBODY

ByWarrenGillespie,Jr.andRichardG. Arbic

A flightinvestigationwasmadeathighsubsonic,transonic,and
supersonicspeedsandathighReyholdsnumbersto determinethezero-
liftdragof an arrowwing-bodycombinationandof thebodywithoutthe
wing. Thewinghad67~0leading-edgesweep,15° trailing-edgesweep,

andmodifiedNACA0004sections.Thebody-wingarearatiowas0.0127.

Theforce-breakMachnumberofthewing-bodycombinationwas0.98.
A maximumdragcoefficientof0.0125occurredat Machnumber1.03.The
dragcoefficientdecreasedfromthemsximum
valueof 0.0096at&ch number1.95.

., INTRODUCTION

valuealmostlinearlyto a

TheLangleyPilotlessAircraftResearchDivisionis investigating
theaerodynamiccharacteristicsofwing-bodyconfigurationssuitable
forsupersonicflightthroughtheuseof rocket-propelledmodels.Con-
tinuousdataareobtainedfromhighsubsonicto supersonicspeedsat~gh .
Reynoldsnumbers.

Thispaperpresentszero-liftdragdataforan a’~bwwing-body
combinationandthebodyalone.TheMachnumber.rangewas0.90to 1.95.
Reynoldsnumber,basd onthewingmeanaerodynamic”chordof 2.31feet,

zvariedfrom8.5x 10 to 29.0x 106.

.

m’



NACARML50K28a2

SYMBOLS

CD ‘ drag‘coefficient(Drag/qS)

c~ normal-forcecoefficient(Normalforce/qS)

q dynsmicpressure,poundspersquarefoot

s wingplan-foxznarea”(includingareawithinbody)

M Mach.number -.

R Reynoldsnumber

MODELSANOTESTS

Thebodyandwingprofilecoordinatesand

-.

thegeneralarrangement
ofthetwotestconfigurationsarepresented
respectively.Photographsof~hemodels~d
areshownas figures2 and3,respectively.
ratioof 15.6.Thefrontalareaofthebody
totalwingareawhichwas5.61squarefeet.

intableI andfigure1,
model-bo~stercombinations ._
Thebo~”hada fineness
was1.27percentofthe
Thearrowwinghad

67~0leading-edgesweep,150 trailing-edgesweepandmodifiedNACA0004
2

airfoilsectionsinthestreamwisedirection.Theverticaltailof each
modelhad0° sweepatthe50-percent-chord-lineanda taperratioof 0.23,
Horizontalfinswereusedonthewinglessmodelforstability.

Themodelswereof compositewood-metalconstzmction.Thewinged
modelwasinstrumentedwitha two-channeltelemeterincorporatingtwo
accelerometers.Theaccelerometersweremountedtomeasurenormaland
longitudinalforces.Thewinglessmodelcawiedno i@nmmentation. —

●

,

.-..

..—

—
-w

..—.—

Figure3 showsthemodelsandexternalboosters inthelaunching —
positioi.AnABLDeaconrocketmotorwasusedtopro>elthewinged
model.Thisrockc+motordeliversapproximately6200poundsthrust
for3.2seconds.A smaller5.-inchHVARrocketmotorservedtoboost
thewinglessmodel.

VelocitywasobtainedfromtheCWDopplerradarWd by integration
ofthedatafromthelongitudinalaccelerometer.Dragwasobtained
directlyfromthelongitudinalaccelerometerdataand.bydifferentiation
oftheDopplerdeterminedvelocity-timecurve.Normalforcewasobtained
fromthenormalaccelerometer.Trajectoryandatmosphericdatawere
obtainedfromtheradartrackingunitandby radiosondeobservations}
respectively. .=
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Theaccuracyoftheresultsisestimatedtobe:
.

Machnumber. . . . . . . . . . . . . . . . . . . . . . . . .. +0.010
CDat Machnumber0.90 . . . . . . . . . . . . . . . . . . .. +0.0010
CDat Machnumberl.90. . . . . . . . . . . . . . . . . . .. +0.0005
CNat MachnumberO.90 . . . . . . . . . . . . . . . . . . . . +0.016
CNat~ch numberl.90. . . . . . . . . . . . . . . . . . . . ●O.002

RESULTSANDDISCUSSION

Curvesof fiagcoefficient,Reynoldsnumber,andnormal-force
coefficientagainstMachnuniberarepresentedin figure4(a)forthe
wing-bodycombination.It is seenfromthecurveof normal-forcecoef-
ficientagainstMachnumberthatthedragdatawereobtainednesxthe
zero-lifttrimcondition.ThecurveofdragcoefficientagainstMach
numberoffigure4(a)showsthatthisconfigurationhasa lowsupersonic
dragcoefficient.Froma peakvalueof0.0125atMachnum..er1.03,the
dragcoefficientdecreasedalmostlinearlyto a valueof0.0096atMach
number1.95.Theforce-breakoccurredatMachnuniber0.98. Thedrag
coefficientof themodelwithoutthewingis shownin figure4(b). The

< dragofthetwohorizontalfinshasbeensubtracted.Thedragofthese
finswasdeterminedfromtestsinwhichfourof thesefinsweremounted.
aswingson a fin-stabilizedbodyforwhichbasicdragvalues wereknown.

i Thewingwithinterferencedrag,obtainedby subtractingthecorrected
dragofthewinglessmodelfromthedragofthewing-bodycombination,is
alsoshowninfigure4(b). Thewiggwithinterferencedragwasapproxi-
mately70percentofthedragof thewing-bodycombination.

Thedragcoefficientofthewing-bodyconibinationtestedis compared
infigure5 withminimumdragcoefficientsoftwosimilarconfigurations
athighvaluesofReynoldsnumber(R> 5 x 106).Themodelof refer-
ence1,whichhada bodyof finenessratio10,body-wingarearatio0.0306,
anda 600deltawingwithNACA65AO03airfoilsections,hada lowersub-
sonicdragcoefficientthanthemodelofthepresenttest. At supersonic
Machnumbers,thislargedelta-wingmodelof reference1 andthearrbw
wing-bodycombinationof thepresenttesthaveverynearlyequalvalues
ofminimumdragcoefficient.The63.43odelta-wingmodelof reference2
with5-percegt-thickdouble-wedgeairfoilsections,hadverynearlythe
ssmedragcoefficientatMachmuiber0.9asthewing-bodycombination
ofthepresenttest.
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CONCLUSIONS “,. .....
.

Theresultsof flightmeasurementsof zero-liftbag of anarrow
——

.wingwithsmallbodyand’ofthebodywithoutthewing.savebeenpresented.--- .:
Dataobtainedfroma rangeofMachnumbersfrom0.90to 1.95showedthe ;

.—

following: .— ,.

1.Theforce-breakMachnumberofthewing-bodycombinationwas0~”9@.”-- .
—-

A maximumdragcoefficientof0.0125occurredatMach~@mber1.03.The
dragcoefficientdecreasedfromthemaxtiumvaluealmostlinearlyto a
valueof 0.0096atMachnumber1.95.

.

2.Thewingwith.interferencedragwas ..ayproxi@kly 70percent-of
thedragofthewing-bodymodel.

3.Thezero-liftdragofthewing-bodymodel
Machnumberrangeofthetest. -. --

LangleyAeronauticalLabor&tory
NationalAdvisoryConmitteeforAeronautics

Ia@ey AirField,Va.
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TABLEI

BODYANDWINGAIRI’OIL-SIXTIONORDIN~ES

AirfoilsectionmodifiedNACA0004

Station Upperandlower

(’percentchord) ordinate6
(percentchord)

o 0
1.25 .6325
2.50 .8660
‘5.00 1.1900
7.50 1.kooo
10.00 1.5550
15●00 1.7780~
20.00 1.9100
25.00 1.9780
30.00 2.0000
40.00 1.9310

Straightline Straightline
7’5,00 1.0420

Straightline Straightline
100.00 0

L.E.rsilius:0.178

/-- ‘trd@t7

o 40 75 100

Bodyordinates

o
1.000
2.000
3.000
4.000
7*375

10.375
33*375
15*375
18.375
20.000
23.000
26.000
29.000
32.000
35.000
38.500 ,
42.500
46.500
49●o’@
50.Om
51.078
52.078
53.078
;;S)C)

56:078

Radius
(in.)

o
.259
.491
.703
.893
1.386
1.654
1.785
1.808
1.808
1.806
1.787
1.748
1.6*
1.615
1.526
1.406
I.251
1.082

●*5
,909
.837
.742
.618
.457
.253

0
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Figure l.- Generalarrangementof test mcdels. All dimensionsare in inches.
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(a) Sideview. L-65632
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Figure2.-

(b) BottomView.

Photographsofarrow,wing-body
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(a) Wing-bodymodelandbooster.

l?igure”3.-Model-boostercombinationsin launchingattitude.
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(b) Winglessmodelatibooster.
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Figwe 3.-Concluded.
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CD

02

.01

0

R 20
t

.10

0

●

0 Telemeter
H Doppler radar

.9

40X106

1.1 I.3
M

1.5 l.? 1.9

.9 1.1 1.3 1.5 I.7 I.9

.9 1.1 1.3 1.5 1.7, 1.9
M

(a) CD, R, and CN againstM for
arrowwing-bodymodel.

Figure&.-Datafromcoastingflightofmodels.



16 NACARM L50K28&
?

.02 —.
●

Body with vertical tail

CD .01 ~

o
.9 1.1 1.3 I.5 1.7 1.9

M

R

40XI

20

0

.02

,01

0

.9 1-I 1.3 1.5 1.7 1.9
M

.

Arrow wing
with interference

#

=5s=

.9 1.1 1.3 1.5 1.7 1.9
M

(b) ~ and R againstM from-winglessmodel.

Figure4.-concluded.
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Figure 5.-Variation of mi* drag coefficients
ccunbinationsat high Reynolds number with

1.3 1.5

of similar wing-body

Mach number.
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